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VACUUM PLASMA PROCESSOR HAVING 
* ru*MRFR WITH ELECTRODES AND A COIL 

FiplH of Invention 

The present invention relates generally to vacuum plasma processors using 
a coil and electrodes for establishing plasmas in a single processing chamber and, 
more particularly, to such a processor wherein the chamber includes a co.l. a 
semiconductor electrode and a non-magnet.c metal member arranged to prevent 
substantial electric field components the coil generates from being coupled to the 
semiconductor electrode. The invention also relates to a method of operating a 
vacuum plasma processor including a semiconductor electrode and a coil wherein 
fields derived from the electrode and coil establish plasmas with sufficient power 
to remove materials from a workpiece. 
Background Art 

Vacuum plasma processors for processing workpieces, such as 

fv^mipntlv errmlov coils 
semiconductor wafers, dielectric plates ana mem. p.dic-, ^ , - ~P 

or electrodes to establish RF electromagnetic fields for exciting gases in vacuum 
processing chambers to an RF plasma. The coil excitation is frequently referred 
to as inductive, while the electrode excitation is frequently referred to as 
capacitive. 

The capacitively and inductively coupled vacuum plasma processors are 
frequently employed to etch dielectric material from a semiconductor workpiece 
including an underlay and a photoresist layer. The capacitive processors have 
an advantage over the inductive processors because the capacitive processors 
cause lower damage and have higher selectivity to the underlayer and photoresist 
layer. The inductive processors have an advantage over the capacitive processors 
because the inductive processors etch workpieces at a higher rate than the 
capacitive processors. The inductive processors have a higher oxygen 



dissociation rate to enable chambers to be cleaned more rapidly than can be 
attained by the capacitive processors. 

Hybrid processors having both capacitive and inductive RF plasma 
excitation have been recently introduced to perform various etch applications in 
5 the capacitive mode and efficient photoresist stripping and chamber cleaning in 
the inductive mode. The hybrid processors can increase processing throughput 
and reduce processing costs because the same chamber can be used for multiple 
purposes without opening the chamber or moving the workpiece from chamber to 
chamber to perform different processes. 

10 Collins et al, U.S. Patent 6,077,384, and WO 97/08734 disclose prior art 

vacuum plasma processors including both inductive and capacitive coupling 
wherein a ceiling of a vacuum plasma processor chamber includes a high 
resistivity (e.g., 30 ohm-cm, i.e., a conductivity of 0.03 mho per cm, at room 
temperature) semiconductor window. The semiconductor window is between the 

15 processing chamber and an insulating structure carrying a flat or domed coil. The 
window extends from a central longitudinal axis of the chamber to a peripheral 
wall of the chamber. The semiconductor window must have high resistivity, i.e., 
low conductivity, to prevent substantial power dissipation in the semiconductor 
window. If the semiconductor window has a high conductivity, the electric field 

20 component of the coil electromagnetic field dissipates substantial power in the 
semiconductor so power necessary to achieve plasma ignition is not coupled to 
the gas. Collins et al. specifically states that if the semiconductor window has a 
high conductivity, such as a resistivity of 0.01 ohms-cms, i.e., a conductivity of 
100 mhos/cm, the frequency of the RF induction field from the coil would have to 

25 be reduced to the kilohertz range or below to couple the field the coil generates 
through the semiconductor window. 

Collins et al. discloses a grounded non-magnetic metal Faraday shield 
and/or a powered or grounded non-magnetic metal backplane interposed between 
the semiconductor window and the coil. The non-magnetic metal backplane and 
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sem ic„nduc,or »*• ^ wall . The eiecmc 

f ,e,d components from ^ .„ ^ embodiraenls 

back p,a„e have .he same rfTW on Qf ^ „ 

al., necessitating the use 01 a 
embodiments of Figs. 25 A and 37A. 

The semiconductor window, .he backplane and ^ ",, s t 

made o f no„-ma g „e t ,c materia, .0 coupie .he co, i ma, ^ ^ ^ 

the gas in ,he chamber ,„ exc.e a„d,or ma,n ,m ^ P ^ 

„ 0 , m a S ne.ic metal bacM- and Faraday h e, ^ ■ S 

Faraday shieidredr.ee eddy current losses , ha, occur .n resp 

fie.d component, wi „ dow ha5 „,e 

The CoUms e. ai. electrom a g „e,,c f.eid .0 .he 

disadvantage of applymg a relatively low T h.s .s because the 

p ,a S ma when the processor is operated ,n the »p»»« ^ ^ 

, coupling to the plasma. Collins ^ of th£ 

electromagnetic field etching ftrk niece being processed. 

j « o M^nrk for the workpiece utmfe ^ 

cumber. tn nrovide a new and improved vacuum 

Another object of the invention is to provide a 
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plasma processor apparatus and method wherein a single vacuum plasma 
processing chamber can efficiently perform many different processing steps and 
can be cleaned without being opened. 

A further object of the invention is to provide a new and improved vacuum 
5 plasma processor apparatus and method wherein a vacuum plasma processing 
chamber can be operated to provide relatively high processing throughput, to 
reduce the cost of workpiece fabrication. 

An additional object of the invention is to provide a new and improved 
vacuum plasma processor apparatus and method wherein a vacuum plasma 

10 processing chamber can be selectively operated to enable workpieces to be 
processed (1) during certain time periods at relatively high speeds and (2) at other 
times so workpiece damage is minimized, while providing high selectivity to 
underlayers and photoresist layers of wafers being processed. 

Still another object of the invention is to provide a new and improved 

15 vacuum plasma processor including a chamber with a semiconductor plasma 
excitation electrode in close proximity to a plasma excitation coil, wherein the 
semiconductor electrode has a high enough conductivity to establish RF 
processing plasmas having sufficient field strength to process, in particular, etch, 
workpieces in the chamber. 

20 Yet another object of the invention is to provide a new and improved 

vacuum plasma processor with a chamber including inductive and capacitivc 
plasma excitation, wherein a semiconductor electrode, having high enough 
conductivity to establish an electromagnetic field of sufficient strength to process 
and, in particular, to etch a workpiece, is in proximity to a coil, but docs not 

25 interact with electric field components of the electromagnetic field the coil 
generates and which are coupled to gas in the chamber. 

Summary of the Invention 

In accordance with one aspect of the invention, a vacuum plasma 
processor for processing workpieces comprises a vacuum chamber having an 
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Cectrode arranged, includmg a semtconductor member, for ionizing gas m the 

field for io„,zing gas m .he Camber to a plasma. A non-magnefie me, , 
arr an B emen, ,s mterposed between the coil and .he sennconduetor member. The 
coi. non-magnetic metal arrangemen, and semtconduc.or member are pos.noned 
and' arranged to preven, ****** e.ec.nc field component o, , e 
e,ee,romagne t ie field from being mcden, on ,he semtconductor member wh e 
enabling substantial electnc and magnetic field components from the co,l to be 
incident on the gas so the gas is ionized. 

Another aspect of the inventton rela.es to a vacuum plasma processor tor 
processmg ^pieces tha, composes a vacuum chamber havmg an electrode 
arrangem'ent, tnCudmg a semtconduc.or member, for ,on,z„,g gas in the Camber 
,o a plasma. A coil outs.de the chamber genera.es an e,ec«ro„,agne.,c field for 
,on,z,ng gas in .he chamber .o a plasma. A non-magnenc me.a, arrangement ,s 
interp osed between the co„ and the se,n,condue.or member. The co,. non- 
magnetic me.a, arrangemen, and semiconductor member are positioned and 
arranged so 0) no portion of .he semicondue.or member is outs.de the urtenor of 
an mner turn of the coi,. and (2, ,.,« non-magnetic meta, arrangemen, mc.udes a 
member hav.ng a periphery ap P ro X ima,ely al.gned wi.h ,he .n.enor of ,he co.l 



20 inner turn. 



25 



111. 

,„ firs, and second embod.men.s. ,l,e non-magne.ic metal arrangemen, 
mc ,udes a member ,ha, ,s spaced from the semiconductor member and abuts the 
semiconductor member. In a third embodtment, the non-magne„c metal 
arrangemen, includes a firs, member abutting or ad.acen, the semteonduetor 
member and a second member spaced from the semiconductor member. 
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The dielectric window, semiconductor member, and non-magnetic metal 
arrangement are preferably in a roof structure of the chamber. The coil has an 
interior portion that is spaced from a chamber center portion so peripheral 
portions of the semiconductor member are inside or approximately aligned with 
5 the coil interior portion. The non-magnetic metal arrangement has peripheral 
portions spaced from the chamber center portion by approximately the same 
distance as the semiconductor member peripheral portions. When the non- 
magnetic metal arrangement includes first and second members respectively 
abutting and spaced from the semiconductor member, the first non-magnetic 

1 0 metal member has a periphery slightly outside the periphery of the semiconductor 
member and the first and second non-magnetic metal members have 
approximately aligned peripheries. 

In one preferred embodiment, particularly adapted for use with circular 
workpieces, e.g., semiconductor wafers, the chamber has a circular interior wall 

15 having a first diameter and the non-magnetic metal arrangement includes a 
member having a circular periphery having a second diameter, while the 
semiconductor member has a circular periphery having a third diameter. The 
chamber interior wall, the non-magnetic metal member and the semiconductor 
member are co-axial. The first diameter is greater than the second diameter, and 

20 the second diameter is approximately equal to the third diameter. The coil is 
substantially co-axial with the chamber interior wall and has a substantially 
circular innermost turn having a diameter approximately equal to the third 
diameter. When the non-magnetic metal member abuts or is adjacent the 
semiconductor member, the second diameter is slightly greater than the third 

25 diameter. When the non-magnetic metal member is adjacent the coif it has a 
diameter slightly less than the interior diameter of the coil innermost turn. When 
the non-magnetic metal arrangement includes first and second circular members 
co-axial with the chamber interior wall and the first circular member abuts or is 
adjacent the semiconductor member and the second circular member is adjacent 
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lhe C01 , ,he second diameter » S -«er <„an .he ,hird d,an,e,er and 

- . « - - «- — — « 

the coil innermost turn. 

,„ the prefer e„,bod„„en,s. .he semiconductor membe, ,s a 
while ,he no„-„,a g ne,,c -a, members, can he fla. pla.es or fla, rn, g s. 

The sem.conduc.or member has a h,gh elecmc conducuv.ty. , S .. 
llia „ 0 0. mho/cm, and preferably a, leas, 0, or ..0 mho/cm so .he sem.conduc.or 

Zs - supply suffice,,, power .o .he plasma .0 enable .he plasma ,o remove 

o^it^ri'ik from the workpiece. . 
; f „ r .heraspec.o f .henrve„..„nconce m sa m e.ho l urremov,,, gm a,r,a 

from . »or k piece m a vacuum plasma process,,,, chamber mcludmg rs an 
seco „d spaced p.asma excttahon erodes, one of wluch utc u s 
semiconductor mterposed between a p.asma e OT ,a„o„ cod and gas ,c 
ZLr The me.hod compnses removing ,he ma.ena, dur,„ g a r.rs, ut.erva, by 
Z 1 in S ,he cod so i, supphes an RF iom.ng e,ec,roma g ne,,c field ,o ,,e g as. 

e KP Ling e,ec,r„magne,,c field has magnefic field component ,ha a, 
CO np,ed ,hro„ g „ ,he sem,co„duc,or ,o ,he gas and elec.nc field compone -s 
are coupled ,o ,he gas w.tnou, bem g m.ercepted by ,l,e sem.conduc, or. Th 
ZLL* -s suffice* power ,o cause a plasma resu.hng from , 
I ,„ be sufficiently energet.c ,0 e,c„ ,he ma.enal. The ma.ena, ,s remov 
Ln g a second m.erva, by energi.ng ,„e decodes so .hey supply „ R 
14 elec.romagne.ic field ,o ,l,e g as. The RF iomzing c,ec,romagne„c field ,s 
coupled between .he electrodes .0 .he gas and ma.enal. 

To max, miZ e wafer process throughout, the chamber ,s prefera y 
mai „,ai„ed ,n a vacuum s.a.e between the firs, and second inters and e 
cliambe r ,s cleaned dunng a ,h,rd ,„,er,a, by ending the cod sc ,, supp ,s 

t> fiPM tn the "as The electromagnetic held ckmeu 
RF ionizing electromagnetic field to tne c as. 

Ing the L mterva, has sufficient power ,o cause a plasma resulnng horn ,„e 
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gas to be sufficiently energetic to etch material deposited on interior surfaces ot 
the chamber. The chamber is maintained in the vacuum state during the third 
interval, and between the first and third intervals, and between second and third 
intervals. The material can be a dielectric layer or a photoresist layer that .s 
5 etched during the second interval or photoresist that is stripped from the 
workpiece during the first interval. 

The above and still further objects, features and advantages of the present 
invention will become apparent upon consideration of the following detailed 
descriptions of several specific embodiments thereof, especially when taken >n 
1 0 conjunction with the accompanying drawings. 
Rripf Description of the Drawing 

Fig. 1 A is a partially schematic diagram including a side sectional view of 
a vacuui/plasma processing chamber including a coil and electrode arrangement 
in accordance with one embodiment of the present invention; 
! 5 Fig. IB is a partially schematic diagram including a side sectional view of 

a vacuum plasma processing chamber including a coil and electrode arrangement 
in accordance with another embodiment of the present invention; 

Fig. 2 is a top view of some of the elements included in the chamber of 

Figs. 1A and IB; 

20 Fig . 3 is a plot of electric field distribution in one-half of the chamber 

illustrated in Figs. 1A and 2; 

Fig. 4 is a plot of power distribution in one-half of the chamber illustrated 

in Figs. 1 A and 2; 

Fig. 5 is a plot of electron density distribution in one-half of the chamber 

25 of Figs. 1A and 2; 

Fig. 6 is a cross-sectional view of a modified roof structure for the 

chamber of Fig. 1A; 

F,g. 7 is a plot of electric field distribution for one-half of the chamber 

including the roof structure of Fig. 6; 
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Fig. 8 is a plot of power distribution for one-half of the chamber illustrated 
in Fig. 6; 

Fig. 9 is a plot of electron density distribution for one-half of the chamber 
illustrated in Fig. 6; 

5 Fig. 10 is a cross-sectional view of a further embodiment of a roof 

structure for the chamber of Fig. 1 A; 

Fig. 11 is a plot of electric field distribution for one-half of the chamber 
including the roof structure of Fig. 10; 

Fig. 12 is a plot of power distribution for one-half of the chamber 
10 including the roof structure of Fig. 10; 

Fig. 13 is a plot of electron density distribution for one-half of the 
chamber including the roof structure of Fig. 10; 

Fig. 14 is a cross-sectional view of a further roof structure for the chamber 
ofFig. 1A; 

15 Fig. 15 is a plot of electric field distribution for one-half of the chamber 

including the roof structure of Fig. 14; 

Fig. 16 is a plot of electron density distribution for one-half of the 
chamber including the roof structure of Fig. 14; 

Fig. 17 is a plot of electron density distribution for one-half of the 
20 chamber including the roof structure of Fig. 14; 

Fig. 18 is a cross-sectional view of an additional roof structure for the 
chamber of Fig. 1 A; 

Fig. 19 is a plot of electric field distribution for one-half of the chamber 
including the roof structure of Fig. 18; 
25 Fig. 20 is a plot of power distribution for one-half of the chamber 

including the roof structure of Fig. 18; 

Fig. 21 is a plot of electron density distribution for one-half of the 
chamber including the roof structure of Fig. 1 8; 

Fig. 22 is a plot of electric field distribution for one-half of the chamber of 
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Fig. 1A, when the chamber does not include a non-magnetic metal shield plate 
between a semiconductor electrode and a coil; 

Fig. 23 is a plot of pow er distribution for one-half of the chamber of Fig. 
1 A under the same circumstances as for the plot of Fig. 22; and 
5 Fig. 24 is a plot of electron density distribution for one-half of the 

chamber of Fig. 1 A under the same circumstances as for the plot of Fig. 22. 

Detailed Description of the Drawing 

The vacuum plasma workpiece processor of Fig. 1A includes vacuum 
chamber 10, shaped as a cylinder including grounded metal wall 12 having a 

10 circular interior surface, metal base plate 14, and circular roof structure IS. 
including horizontal dielectric (preferably silicon carbide) window 19 that carries 
circular non-magnetic metal (e.g., copper or aluminum) electric shield plate or 
layer 21 that abuts a semiconductor member formed as circular plate 23. 
Semiconductor plate 23 is located inside chamber 10 so it is exposed to the 

15 plasma in the chamber to a much greater extent than metal plate 21 because the 
semiconductor plate covers a substantial part of the metal plate. Plates 2! and 23 
are continuous, i.e., have no gaps between the center and periphery thereof, except 
for gas distribution holes and/or channels. 

Dielectric window 19 usually has the same thickness from its center to its 

20 periphery and a diameter exceeding the inner diameter of wall 12 so the window 
peripheral portion bears against the top edge of wall 12. Gaskets (not shown) seal 
vacuum chamber 10 in a conventional manner. The processor of Fig. 1A is 
typically used for etching a workpiece, usually in the form of a circular 
semiconductor wafer, frequently referred to as a substrate, or for depositing 

25 molecules on such a workpiece. 

Workpiece 32 is fixedly mounted in chamber 10 to a flat horizontal 
surface of workpiece holder, i.e., chuck or platen, 34. Chuck 34, typically of the 
electrostatic type, clamps workpiece 32 in place by virtue of DC power supply 42 
applying a DC potential to electrode 33 on the chuck upper face. The interior 
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surface of wall 12, window 19, and each of plates 21 and 23. workpiece 32 and 
chuck 34 are concentric with center, vertically extending longitudinal axis 25 of 
chamber 10. Vacuum pump 28, connected to port 30 in wall 12 or via a manifold 
to ports in base 14, maintains the interior of chamber 10 in a vacuum condition, at 
a pressure that can vary in the range of about 1-1000 millitorr. 

A suitable processing or chamber cleaning etchant gas that is excited to an 
RF plasma is supplied to the interior of chamber 10 from gas source 12 via line 24 
and port 26 in the center of window 19, as well as via distribution conduit 27 in 
window 19 and distribution holes (not shown) in plates 21 and 23. Plasma 
excitation of the gas supplied to the interior of chamber 10 can be in response to 
an RF electromagnetic field inductively coupled to the gas in the chamber by coil 
36 or in response to RF electromagnetic fields capacitively coupled by plate 23 
and the electrodes of chuck 34 to the gas in the chamber. 

The inductively or capacitively coupled RF field excites the gas in 
chamber 10 to an RF plasma that processes (e.g., etches) workpiece 32 or cleans 
the chamber interior. The RF electromagnetic field from coil 36 is used for high 

, ^^^^croc onH rh^mher cleaning because it has a higher oxygen 

etcn raic prui^bowo anu ^a*.i~— - ^ 

dissociation rate than the electromagnetic fields produced between plate 23 and 
chuck 34. The electromagnetic field plasma excitation from plate 23 causes lower 
workpiece damage, as well as higher selectivity to underlayers and photoresist 
layers on the workpieces, than the electromagnetic field excitation. In addition, 
the electromagnetic field excitation produced between plate 23 and chuck 34 often 
provides more uniform etching across the workpiece. 

Because the gas in chamber 10 can be inductively or capacitively excited 
to a plasma at different times, the same chamber at different times can (1) etch a 
dielectric layer or a photoresist layer from workpiece 32 with the capacitively 
excited plasma and (2) strip photoresist from the same workpiece with the 
inductively excited plasma. These two operations can be performed without 
opening the chamber or moving the workpiece between chambers. In addition. 
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the chamber can be cleaned between workpiece processing operations with the 
inductively excited plasma without opening the chamber. Consequently, 
chamber 10 has increased workpiece throughput and reduced workpiece 
processing costs relative to prior art processors. 

The RF electromagnetic field source includes two turn, hollow, spiral, 
substantially planar metal coil 36, similar to the coil disclosed by Ogle. U.S. 
Patent 4,948,458. Coil 36 is typically made of square copper tubing hav ing a 
hollow interior. It is to be understood that coil 36 is not necessarily planar and 
can have other shapes, e.g., a dome, and that the coil does not have to be hollow. 
Coil 36 is mounted on or immediately above window 19 and excited by RF power 
source 38, usually having a fixed frequency of 13.56 MHz and a fixed amplitude 
envelope. Alternatively, if plate 23 is driven by an RF source, e.g., a source 
having a frequency of 27 MHz, the same source, through a switching arrangement 
(not shown), can drive coil 36 when the source is not driving plate 23. The current 
15 in coil 36 generates a large enough electromagnetic field, including electric field 
components and magnetic field components, in chamber 10, to excite gas in the 
chamber to a plasma. Coil 36 has a length that is a substantial fraction of a 
wavelength of the frequency of source 38, so there are substantial voltage and 
current variations along the coil length. The voltage variations are sufficient to 
20 enable substantial RF voltage differences to be established between adjacent 
portions of the two turns, e.g., along the same radius of the coil. The voltage 
differences between adjacent radial portions of the two turns establish substantial 
RF electric field components in the chamber portions below the two turns of the 
coil. The RF electric fields ionize gas in chamber 10 to a plasma. The coil 
25 magnetic field components include magnetic lines of flux that extend into 
chamber 10 parallel to chamber axis 25. The magnetic lines of flux that are 
parallel to axis 25 penetrate plates 21 and 23 in the center portion of chamber 10 
and continue around the chamber beyond the periphery of plates 21 and 23. 

Impedance matching network 40. connected between an output terminal of 
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f 1 36 couples the output of the RF 

RF s „t„ce 3S and exci,a„o„ rf ^ c0 „ , s connected » » 

s0 „ r ce to the cotl. - « °» J nJ lh£ ollKr „ M or the co„ ,s 
pounded output ten,- of net- ^ ^ of „„,ch is 

ejected to ° f C ^ k 40 m£ludes var.able reactances ,no, 

gro u„ded. .ntpeaance .natcn.ng ^ ^ ^ 

sh0 ,„,. whtch a controller (no. ^ " 5() ,„ lhe p , a sn,a 

l " C COi ' JnVK - - , t 34 is exoted hv RF power source 44 supply,... an 

Electrode 33 ot chuck 34 ,s , Kxmcs ,„„, 

W ^»^^^J^c , ~ »avc that , 
s , 10 w„>. Typ,al.V. source 44 generate , ^ 46 c „„ P ,es 

sop er,„.posedona27MHzfl>eda„,p, de mc „, ione d controller 

tta output of source 44 ,o electrode ^ ^ ^ ^ ^ 

controls the variable reactances of . ?j ^ ^ coupled t0 

e,ec,rode 33 is pnman.y P— - " ^ ctargol pan ,c,cs „, tue 

lha , source 44 apphes to electrode 33 ,n« r 

*~» » *~ ' ° C II r rounded, as shown. »r driven hy a fixed 

Sem conduc<or plate 23 can „ [f plaK 23 1S 

driven to a » MHz «*» * e 

prov ,ded onhy by a 2 MHz voltage. of „ K 27 MHz «**c 

to distnbute the ground or ' » Mclal plal e 21 can also float. U.. 
Ccctnca.ly and n,ec h an,ca>,y contacts pi • „ lt ^ plate 23 

als0 „„a,s and ,s deeoup.ed from a ^ modc . 

coil 30 is energ,zed. sources 38 
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grounded, connected to a non-zero volt AC or DC power supply terminal, or 
floats. When chamber 10 operates in the capacitive plasma excitation mode- 
ground or voltage at a frequency of 27 MHz is applied to metal plate 21, and 
source 44 remains energized, but source 38 is de-energized while switch 51 
5 connects the opposite terminals of coil 36 together and to ground. Hence, coil 36 
cannot produce an electromagnetic field and has no influence on the 
electromagnetic field between semiconductor plate 23 and the electrodes in chuck 
34 when chamber 10 operates in the capacitive plasma excitation mode. In both 
modes, sources 42 and 44 drive electrode 33 of chuck 34. 

10 To provide optimum processing of workpiece 32, e.g., to obtain maximum 

etch uniformity and a desired etch profile on the workpiece under the many 
processing circumstances encountered in both the capacitive and inductive plasma 
excitation modes, the distance between workpiece 32 and semiconductor plate 23, 
as well as coil 36, can be varied. To this end, output shaft 35 of motor 37 

15 sealingly extends through base 14 and is drivingly connected to chuck 34 to 
translate the chuck and workpiece 32 clamped to the chuck up and down, toward 
and away from roof 1 8 and the fixed structures forming the roof. 

Semiconductor plate 23 has an electrical conductivity of at least 0.01 
mho/cm, a result which can be achieved by forming the plate from silicon having 

20 high dopant concentrations or from other suitable semiconductors; the 
conductivities of semiconductor plate 23 can be 0.1 or 1.00 mho/cm or greater. 
The high conductivity of semiconductor plate 23 enables a large electromagnetic 
field to be established between first and second parallel plate electrodes 
respectively formed by plate 23 and electrode 33. The electromagnetic field 

25 between plate 23 and electrode 33 has sufficient power to ionize the gas in the 
volume between the semiconductor plate and workpiece 36 to a plasma with a 
sufficient number of charge particles to provide efficient, uniform etching of the 
workpiece. This is in contrast with the Collins et al. references wherein the 
maximum conductivity of the semiconductor window is 0.03 mho cm. i.e., a 
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res ,s,,n,v of 30 otan.cn,. 1" Clin, et a... the RF e.ecuomagn.n.c field g encra,ed 
by the semiconductor window i. ****** » P™*" >»"™ maMn ^ 

fluorine scavenging. 

The nigh conductivity of semiconductor plate 23 in .ho present invention 

, s p0 ssib,e because of the P**» - — '' * 

, , semiconductor plate 23 and coil 36. These elements are arra„ g ed so mere are. 
"„', no substantial electnc Held components coupled ,Vo,n coil 36 ,o » 
Iductor pla,e 23. and ,2, substantial elecne and ma g „elic field components 
COU p,ed ^ col, 36 ,o ,he g as in chamber The electnc and ,na g f, d 
components of .he electronic field ,ha, col, 36 g enera,es are coup, d 

, m ,conduc,or plate 23 a, „o„-ma g „e„c. ,he ma g ne,,c field components 
cle c tr0 ma g ne„c field tha, coi, ,0 .enena.es is coupled ,o the S as ,n he c 
,0 ,o maintain the plasma. The electnc fie.d component iha. cod „ 8 «K,a - 

periphery of nreta, plate 21, tha, functions as an electrostatic slne.d ,o decouple 
,he coi. electric field component from semiconductor plate 23. 

,„ accordance with another embodiment illustrated ,n F, g . IB 
chamber of F* >A i. modified so an RF vo„a g e is apphed to sennconductor 
I 23. a different v„„a g e , apphed to meta, plate 21, and d.electnc. ectnc 
lula,in g layer 52 ,s postttoned between plates 2. and 23. >n particular ea . 
connects metal plate 2, to DC source 54 or to 8 round or to an AC source , t . 
be aradto frequency source, .f lead 53 applies DC or AC vo„a g e to meta, plate 
21 t „e vo,,a g e helps to substantia,* prevent matenal in chamber ,0 from bem g 

l,ld„ W c,ea„.Keepin gW ndow, 9 c,eanis,mpo rt a„ l whe„ehamber.0operaes 
,„ the uiducve mode to assure co„p,u, g of the e,ec,r„ma g ne„c field from co„ 6 
t0 ,„e chamber interior. When chamber ,0 is operated ,„ the ,nduc„cc mode. , 
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into an RF plasma and to stabilize the RF plasma after ignition, as described in 
commonly-assigned W099 34399. 

When chamber 10 is operated in the capacitive mode. RF source 38 and 
matching network 40 drive semiconductor plate 23 to the exclusion of coil 36; 
5 when chamber 10 is operated in the inductive mode, source 38 and network 40 
drive coil 36 to the exclusion of plate 23. To these ends, the power output 
terminal of network 40 is selectively coupled via switch 54 to semiconductor plate 
23 or coil 36. In the embodiment of Fig. IB, RF sources 38 and 44 generate 
different frequencies, respectively 27 MHz and 2 MHz in the preferred 

10 embodiment. 

In the embodiment of Figs. 1A, IB and 2, the foregoing results are 
achieved because the innermost turn of two turn coil 36 has a periphery 
substantially aligned with the periphery of metal plate 21 and because the 
periphery of semiconductor plate 23 is inside the periphery of metal plate 23. As 

15 illustrated in Fig. 2, the turns of coil 36 are concentric circles that are connected 
by a radial and circumfcrentially extending straight metal coil segment. The 
innermost turn of coil 36 has a diameter substantially equal to the diameter of 
metal plate 21, which in turn has a diameter greater than the diameter of 
semiconductor plate 23. (For clarity, Fig. 2 includes wall 12, plates 21 and 23, 

20 workpiece 32 and coil 36 to provide an illustration of the relative sizes of one 
embodiment of these structures; Fig. 2, however, does not include dielectric 
window 19, shield 48, chuck 34 or base 14.) As a result of this geometry, metal 
plate 21 prevents substantial coupling of the electric field component from coil 36 
to semiconductor plate 23, so the semiconductor plate, even though it has a high 

25 conductivity, does not dissipate substantial power resulting from the electric field 
component of the electromagnetic field that coil 36 generates. The electric field 
component of coil 36 and the power dissipation resulting from the electric field 
component that coil 36 generates are confined primarily to the gas in chamber 10 
and are not coupled substantially to semiconductor plate 23, as indicated by the 
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plots of Figs. 3 and 4. 

The plots of Figs. 3-5, as well as the plots of Figs. 7-9, 1 1-13, 15-17 and 
19-24, are based on the same parameters for the operation of chamber 10. These 
plots are based on 500 watts at 13.56 MHz being supplied to coil 36, a chamber 
5 pressure of 10 millitorr, and a nitrogen flow rate of 100 seem into chamber 10. 
The parameters of chamber 10 for the foregoing plots are such that the interior 
diameter of wall 12 is 21" ( 53 cms), the gap between the lower face of window 
19 and the upper face of chuck 34 is 5-1/8" (13 cms), window 19 is a silicon 
carbide plate having a thickness of 1" (2.54 cms), semiconductor plate 23 has a 

10 14" (35.5 cms) diameter and an electrical conductivity of 0.01 mho/cm, and 
workpiece 32 is a 12" (30.5 cm) silicon wafer. The results indicated by the plots 
of Figs. 3-5, 7-9, 1 1-13, 15-17 and 19-24 are similar to those for semiconductor 
plates 23 having conductivities of 0.1 and 1.0 mho/cm. Because these plots are 
for symmetrical distributions, the plots are for one-half of chamber 10, from axis 

15 25 to the interior surface of wall 12. 

Fig. 3 is a plot of electric field contours such that lowest electric field 
contour 61 represents electric fields less than 6.6 volts/cm, while the highest 
electric field contour 68 represents electric fields in excess of 48.9 volts/cm. 
Thus, the electric field outside contour 61 is less than 6.6 volts/cm, while the 

20 electric field inside contour 67 exceeds 48.9 volts/cm. Intermediate contours 62, 
63, 64, 65, 66 and 67 are boundaries having maximum values of 9.98, 12.21, 
33.27, 36.60, 39.90, and 43.26 volts/cm. The highest electric field contour 68 
occurs between the turns of coil 36, while the lowest electric field contour 61 
occurs in the portion of chamber 10, remote from coil 36. The lowest electric 

25 field contour 61, associated with electric field concentrations of 6.6 volts/cm or 
less, does not intercept any portion of non-magnetic metal plate 21 or 
semiconductor plate 23. The electric field values associated with contour 61 are 
insufficient to excite the gas in chamber 10 to a plasma. In contrast, contours 62 
and 63, which extend into the interior of chamber 10, have sufficiently high 
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magnetic field component coil 36 generates. 

The plot of Fig. 4 includes power distribution (>n .alts p« 

/ tours 71 77 which indicate there is (1) virtually no power 
centimeter) contours 71 

dissipation tn metal plate 21 or semiconductor plate .3 

J on m the interior of chamber 10 immediatelv below the portion 
dissipation particular, minimum powci 

• 4 iq nlianed with the turns ot coil ->6. In pamcuu 
window 19 aligneu \\nn „ . m c C u cm 

cc , tc ,ur 71, associated w,,h a power dissipation of fc. » « « ^ 
exists in mo, of the inter.or of chamber .0, ,nc,ud,„ g ... par, of plates .1 
n Contours 72 73 74. 75 and 76 respectively associated w,,h maxtmttm powc 
72. 73, w , M(i 0 . 46 lvall , cu cm are ,n 

dissipation boundancs of 0.0)8.0.10. contours 72 76 

Camber 10 ,mmed,a,e, y be,ow tbe two « of - * ^ 
represent significant power dtssipation ,n tbe S as ,n chambc, 1»- >* 
■ me.as to be excited to and maintained in the plasma state 

numberofcta r 8 epa rt ie,esperc„b,c centimeter ,n chamber ,0. melt escontos 

5 07x10" 6.70x10", 8.37 xlOM. 17x10 ,1.24x1 

J ,0» 2.0, x to-, ,18 x ,0". and 2.34 x ,0'" electrons per cub, 
::Le, T h, there ,s a relate low 

chamber boundartes, mcludin, .be interior surface o, wal, 1 . chuck 

, -II a oi Inns and electrons m the 
workpiece 32. window 19, as well as plates 2. and 23. Ions a d 

nlasma penetrate the sheath to process the workpieee on chuck 34. 

P 6 is a side Seconal view of a further embodiment of the tnventton. 

, P . , 1A , nd - is replaced by a roof structure 
whcre.n the roof structure of Figs. 1A and P 

omI nhte or laver 101 and silicon plate w.v 
including non-magnetic metal plate 01 lay 

Ipee,,:, mounted on the top and bottom faces of stltcon ca, e ow ^ 
Metal plate 10, and sem.eonduetor plate .03 are conttnuous, h». „ 
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penDnery 0 f the inn. «*» of - n,„, eo . c - 
window 102. is (1) spaced slightly outside (about /j i^i 103 

w he „ the chamber of F , g . Scmco „ ductor p , a ,e ,03 can also be 

roof structure of Fig. 6 P ^ ^ , n the 

of Fl , 1 A include the ^-ture ^ ^ ^ ^ 
capacitive mode, semiconductor plate 103 .set. 

,„ clute contours U> P ^ ^ ^ ^ „ ,„ a „, 3 , 3 „ 

boundanes of 5.18 7. . ^ ^ ^ 103 10 

volts/cm. Contour 112 intercepts v illustrated 

^^^T^STi- - ... respect 
dissipation contours 121, — ~ > aginations of 0.044, 0.055, 

represent boundar.es havi„ g — co „ tours 12 , ,23. 

^ a -,a n 11 ind 0 ?1 watts/cu cm. Horn n 0 . °< 
0.088, 0.22, 0.24, 0.27 and u._ £ o , 

.2, «, and ,2, tntereep, the per,pher y — £ ^ for lhe 
the power dissipation in semiconductor plate ,03 ss ^ ^ 

ri c t A IB and 2. With the roof smictuie ol ri 0 s. 
roof structure of Ftgs. 1 A. IB „„ sra on, 

while the roof structure of Fig. 6 
semiconductorplatel03of0.26watts.cucn, 
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Fl , s also indict ** *" — ^ ^ ^ 
f tr i 4 when modified .0 include the roof structure of Fig. 6. is kss 
**■ ° f F ' S - ' A ' f Flus , , ,„d , The maximum power dissipation 

contour m F,g. 8 >s 0.M cu m 

„ oi x in" 4 22 x 10', 5.62 x 10 , x 

t nf Fia 6 replaces the roof structure ot Figs. I A 
root structure of Fig. 0 rtpu 

u f Fi, 1 A The shapes of the contours of Fig. 9 ai, similar 
chamber of Fig. 1A. P 91 of Flg 5 1S 

r, nn * n „r* of Fi" 5. However, the 2.3 x iu niyic 
0 f the contours of Ft of Flg . Hence, the plasnra 

substantially greater than the ,.97 x 10 c. ^ ^ ^ 

than the roof structure or rig 

According to a further modiftcatton illustrated ,«F, 

- a ,110 that carries non-magnetic metal rtng 131, 
„ lcl »des a dielecmc window 150 that a 

• j ,„,nhtel5-< and wo turn, hollow coil 36. Metal rtn„ 
semiconductor plate 1 3-' a"" . v i,„i„ w 152 or s a 

as a plate secured to an annular groove on the ^ ^ , 5 , 

„,,„ m e,a, eoating deposited on the hotton, face of he , , ^ 

—d U c -p~'»-— -^SitU--.* 

upper face of window ,52, so 0) P of 
tte interior penpherv of the inner of c„ 1 M 
,51 extends slightly beyond the periphery of plate 
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of coil 36, and (3) the inner diameter of ring 151 is less than the diameter of plate 
153. In the particular configuration of Fig. 10, metal ring 151 has an inner 
diameter of 12.4" (31.5 cm) and an outer diameter of 14.25" (36.2 cm), so the 
outer periphery of ring 151 extends 1/4" beyond the periphery of semiconductor 
5 plate 153 and the inner periphery of the inner turn of coil 36. Because metal piece 
151 and semiconductor plate 153 are in abutting relation, power is supplied to 
metal ring 151 on the same basis that power is supplied to metal plate 21 in the 
embodiment of Figs. 1 A and 2. 

The electric field and power dissipation distributions plots of Figs. 1 1 and 
10 12 indicate no substantial power is dissipated in semiconductor plate 153 when 
the roof structure of Fig. 10 replaces the roof structure of Figs. 1 A and 2. The 
electron distribution plot of Fig. 13 indicates the electron density for the roof 
structure of Fig. 10 and for the roof structure of Figs. 1A and 2 are virtually the 
same. 

15 Fig. 11 includes maximum electric field contours 161, 162, 163, 164, 165, 

166, 167, 168 and 169, respectively representing electric fields of 6.57, 9.86, 
13.1, 16.4, 32.86, 36.14, 39.43, 42.71 and 46.00 volts cm. All of metal ring 
151 and semiconductor plate 153 are in the lowest electric field contour 161. 
There is very little difference between the electric field contours of Figs. 3 and 1 1. 

20 Fig. 12 includes maximum power contours 171, 172, 173. 174. 175, 176 

and 177, respectively representing powers of 0.064, 0.096, 0.13, 0.16, 0.32, 
0.38 and 0.45 watts/cu cm. From Fig. 12, there is no power dissipation in metal 
ring 151 or semiconductor plate 153 in excess of 0.064 watts/cu cm. The 0.45 
watts/cu cm maximum power dissipation contour 177 is very similar to the 

25 maximum power dissipation in Fig. 4 of 0.46 watts/cu cm. It thus follows that the 
2.2 x 10 w watts/cu cm maximum electron density contour 179 of Fig. 13 is very 
similar to the maximum electron particle distribution of 2.34 x 10 ]il of Fig. 10. 

According to a further embodiment of the invention, as illustrated in 
Fig. 14, the roof structure of Figs. 1A and 2 is replaced by a roof structure 
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„,c metal rin» 181 .ha. sits on .he upper surface of dieleoric 
incMing non-ntagneuc me.a! nn. ^ ^ 

. , ,«-) w hich carries semiconductoi piaie io- 

eames coil *e inner penphery of which is shg,«,y 

outside .he periphery of r,ng 1 8 1 . The ou . „ and mcta | ring 1 8 1 

diameter of senticonduc.or p.ate 183 are ,he san,e. , e ■ - 

,«,me.er of 13". Metal ring 181 and semiconductor p.a.e 

layer .0. and sen— p,a,e^of F,g , ^ 

Flg , 15 and,, are p.o. 1. " ^ roof smlcmrc of F ,g, . A 
contours when .he roof s.ruc.nre o, F, g . .4 rcplac ? 

... , c - n(1 i (j a re very similar to the plots 01 n s 
and 2. The plots of Figs. 15 and lb > ^ 

• , P is includes maximum electric held contours UM 
respectively. Fig 15 includes o , 

Contours 191 and 192 tntercep. P P ^ 

now* dissipation in .he periphery of plate 183. • 

,0. 202 ->03 204 and 205 (Fig. 16). respec.,ve,y -ou-.-d P 
c „ n ,„urs 201. 202 0 ■ ^ ^ ^ ^ _ ^ 

dissipations of 0.045, u.uu , i<5 associated with a 

m axi m „ m powerdiss,pa«i„„c„n.our 2 08in.heplo,ofF,g..0,sass„c 

p o W erd,s S ,pa,on„f0.32 W ,,s|cuc„, ^ ^ ^ 

contours of Fig. 17. lne mini ^ 
and 2 ,0 of F,g. 17 re S pec«,ve,y represent e.ec.rc, dens„,cs o, - 

1.90xl0 1H electrons/cucm. illustrated in Fig. 18, 

According to a further embodiment of the mvention, illustrated 

of Figs 1A and 2 is modified to include non-magnetic metal 
the roof structure of Figs. 1A an dielectric 

^ , TV* resoectively carried on the upper and lowe. taces 
rings 221 and 2,3 respective y r? and c01 ) 36. Metal 

■a f r><5 which also carries semiconductor plate 2-/ 
windo w of 225, dy configured in the 

ring 223, semiconductor plate 227 ana coi 



same manner as meta, ring .5!. sem.conductor plate ,53 and co„ 3. in .he 

„• metal rin« 181. in the embodiment ot 1 is- l4 - 
is configured in the same » ay as metal rm c 
M e ,a, nil., 18. and 22, ean he grounded, powered or „oa,. as desired 

The r„o f structure F,g. ,8 ^ — » ~ ^ 

pl „,s of Figs. ,9, 20 and 2,. Maximum e,ee,nc field eontours 23,. ~ - 
35 ,36 237, 238 and 239 of Fig. .9. r-peenvdy have va,ues of 0.,, 0.4. 
I, ,',,', 34 55 38.0, 4,.4. 44.9 and 48.37 ™,,,,,,. 
L' wi.htn contour 23 , . Consequently, as indicated oy Fi, 20. the power 

P , . in k lhan 0 (.7 watts cu cm. the value 

dissipation ,n semiconductor plate 227 ,s kss than . 

, sso Ld with contour 240 and „,e max n, power dissipation ■„ .he as 

I! of Fi, 2, indicate tha, the „— e.eclron 

f Pia 18 renlacin- the roof structure of Figs. 1A and 2 is in excess 
roof structure of Fig. 18 replacing mc 

f 2 37 x 10'" charges per cubic centimeter indicated by contour A3. 
" " 2 ^e resuits acLed b y the present invention are to be contrasted to 
-ion wherein no electric shield plate i. —d be,,een co 

i 91 Fios " ^ and 24 are respectively plots ot the elect. ic 
semiconductor plate 23. Figs. — , ~> a 

Rg. 22 incudes maximum electric field contours 251, 25.. -53 54 
,5. 257. 258 and 259, respectively associated with electric fields of 3.33 4 

ulrcep, —a, portions of sen— plate 23, such tha, contour ,5, 

n f m the renter of semiconductor plate 
♦„u, no cm) trom tne ccmei 
proximately 2 (10 ^ ^ 

Consequently, there ts an appreciable electric 

lhe area of sem.conduc.or plate 23 and almost all the power that co, 6 con 
nl0 d,e,ec,r,c window ,9 and into chamber 10 ,s dissipated ,n semico, du ,„ 
i : as illustrated by contours 2ol. 2„2. 20, 2,4. 2,5, 2„7 and 2„S „ 
^3 ' The power d.ssipat.on occurs u, approximately the same portion oi 
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semiconductor plate 23 as the portion of the plate which is coupled to the electric 
fields associated with contours 251-254. Contours 261, 262, 263, 264, 265, 267 
and 268 are respectively associated with power dissipations of 0.079. 0.12, 
0.16. 0.19, 0.39, 0.48 and 0.57 watts/cu cm. Contours 271 and 272, respectively 
5 associated with power dissipations of 0.79 and 0.12 watts/cu cm, are the only 
appreciably sized power dissipation contours in the gas in chamber 10 when the 
chamber does not include a non-magnetic metal shield plate, as in the 
embodiments of Figs. 1 A, IB, 2, 6, 10, 14 or 18. Consequently, without the 
shield plate, the electron density distribution in chamber 10 is quite low, as 

10 indicated by the contours of Fig. 24. The highest maximum electron density 
distribution contour 273 in Fig. 24 has a value of 9.39 x H/' electrons/cu cm, 
while the lowest contour 274 is associated with an electron density of 1.34 x 10 l> 
electrons/cu cm. Hence, the highest maximum electron density contour 273 of 
Fig. 24 is less than one-half of the highest maximum electron density contour of 

15 Fig. 21. 

While there have been described and illustrated specific embodiments of 
the invention, it will be clear that variations in the details of the embodiments 
specifically illustrated and described may be made without departing from the true 
spirit and scope of the invention as defined in the appended claims. 



